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LONG-RANGE PROPAGATION EXPERIMENT: 
MIDWAY, AUGUST 1970 
PROCEDURES AND SHIPBOARD DATA 
NRL OPERATION 70-01-05 


I. INTRODUCTION 


The Naval Research Laboratory performed a long range 
acoustic propagation experiment in August 1970. Procedures | 
for its conduct and the shipboard data obtained are 
reported here. The experiment was conducted under the | 
Long Range Propagation Program and the Very Low Frequency | 
Program. The objective was to measure propagation loss, 
signal fluctuations, and signal coherence as a function of 
range and azimuth from a suspended sound channel hydro- 
phone. The hydrophone chosen was part of the Missile 
Impact Locating System (MILS) located near Midway Island. 
The USNS J. WILLARD GIBBS (T-AGOR-1) followed the 
course charted in Fig. 1, repeating the radial course 
twice. The ship towed two continuous wave (cw) sources, 
dropped explosive charges, and made environmental and 
navigational measurements. A 114 Hz cw source was operated 
at a nominal depth of 21 m and a 15 Hz cw source at a 


nominal depth of 140 m. A total of 363 charges was dropped. 


Note: Manuscript submitted October 28, 1976. 
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Two sizes of charges and three depths of detonations were 


used. 


Other measurements made aboard ship include navigation, 


. sea and weather conditions, bathymetry, temperature profile 
by means of expendable bathythermographs (XBT), and source 
Operating parameters. The body of this report describes 


the measurements which are tabulated in the appendices. 
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II. SHIPBOARD DATA 


All times are given by Julian day and Greenwich Mean 


PART EAT Oe 


Time. Clocks are synchronized to WWVH, Hawaii. Appendix I 
gives the relation between Julian day and day of the month 
for the year 1970. 

be A. Navigation 

Ship's position was determined using two independent 
; electronic navigation systems including a Navy Navigation 
Satellite System (NNSS) and a Loran C System. The NNSS 
receiver, Magnavox MX702, produced a hard copy output for 
each satellite fix. The navigator entered the data ina 
log together with the two input parameters, ship's course 
and speed. The Loran C receiver, Collins SPN 38 produced 
a Nixie Tube display of time and position. A fix was 
recorded every 15 minutes. The navigation data is 


contained in Appendix A. 


B. Sea and Weather Conditions 


Sea and weather conditions were noted hourly by the 
bridge. Appendix B contains the tabulated data. 
C. Bathymetry 
Bathymetry was measured continuously aboard ship using 
an AN/UQN 12 KHz Sonar Transceiver and a Raytheon 193C 
recorder. Data was recorded on standard teledeltos paper 
and later digitized by waadtes the recorded depths at 
selected times and punching the results Ee computer cards. 
Appendix C contains the bathymetric data for an assumed 
constant sound speed of 1500 m/sec. . 
D. Temperature Profiles $ 
XBT casts were made every six hours. For every two 
Sippican Model T7 probes (design depth 760 meters), one 
Model T5 probe (design depth 1800 m) was dropped. The 
analog data from a Sippican Model MK~2 Recorder was read 
by the National Oceanographic Data Center (NODC) BT Section 
in standard format (°C at 5 m intervals) and supplied to 
us as a deck of punched cards and a machine listing. We 
are grateful to Mr. Richard E. Krentz, then Chief of the 


BT Section, for arranging this service. Appendix D contains 


the temperature profile data. 


E. Archival Salinity and Sound Speed Profiles 


Salinity, temperature, and sound speed vs. depth 
profiles along the ship's track were obtained from NODC 
Nansencast files. Only profiles taken in July, August, or 
September at locations within 100 nmi of the ship's track 
were selected from the files.! Based upon the salinity 
data, the profiles were arranged in groups, each of which 
corresponded to some interval of the ship's track. Groups 
1, 2 and 3 are associated with the radial tracks and groups 
4, 5 and 6 with the tangential track. In Appendix E are 
tabuiated for each group the average salinity profile, 
the average sound speed profile, and the standard devi- 
ation of the sound speed. Appendix E also contains a plot 
of the average salinity profile for each group. 

F. Sound Speed Profiles 

Sound speed profiles were obtained by using the 
measured XBT temperature profiles, the average salinity 
profiles of the Appendix E groups, and Leroy's second 
formula*, which is equivalent to Wilson's second equation ° 
to within 0.1 m/s. The archival temperature profiles for 
the groups in Appendix E were compared with each measured 
temperature profile to determine which group salinity 
profile to use in Leroy's formula. The calculated sound 


speed profiles are tabulated and plotted in Appendix F. 
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To facilitate a comparison bet*reen the calculated 
and archival sound speed profiles and to obtain a measure 
of confidence for the calculated profiles, each plot in 
Appendix F contains three curves. In addition to the 
calculated sound speed profile we have plotted the average 
archival sound speed profile plus/minus the standard devi- 
ation for the appropriate Appendix E group. 

G. Explosive Sources 

A total of 363 charges was dropped. Physically 289 
of these charges were formed of six half-pound TNT blocks 
bound together with a 2.7 kg lead weight. Each charge was 
detonated with a fuse-fired Navy Type I blasting cap and 
a 1 oz. Composition C4 booster. For 163 of these charges 
the fuse length was cut for a nominal detonation depth of 
200 m (1 dud) and 126 were fused for a nominal detonation 
depth of 775 m (16 duds). The remaining 74 charges were 
SUS, MK 59.0A, containing 0.8 kg of cyclotol and pressure 
detonated at 3000 m. 

Appendix G contains the relevant shot parameters 
including time and depth of detonation. The tabulated shot 
time is the instant the shot pulse reaches a hydrophone 
located in a well on the ship corrected for travel time 


to the hydrophone. To determine shot depth, the difference 


in arrival time between the one bottom bounce arrival and 


the one surface bounce- one bottom bounce arrival was 


measured. Assuming vertical propagation and a constant 


sound speed of 1500 m/s the tabulated shot depths were 
obtained. 

H. CW Projector Parameters 

Two CW sources were operated continuously during the 
experiment. A Hudson Laboratories Electromagnetic (EM) 
source* was operated at approximately 114 Hz at a nominal 
depth of 21 m (~1.5 wavelengths). The unit was suspended 
from a starboard A-frame. A modified minesweep trans- 
ducer (Mark 6)* was operated at approximately 15 Hz. The 
unit was suspended from the stern U-frame and operated at 
a nominal depth of 140 m (~1.3 wavelengths). 

The Mark 6 was phase locked to a frequency obtained 
by counting down from a crystal controlled frequency 
standard. The EM source frequencies were derived from a 
precision signal generator (Monsanto 3100A). The EM 
source was operated at its resonance frequency as determined 
by an impedance loop run at the beginning of each phase of 
the experiment. 

I. Julian Day versus Day of the Month 

Appendix I gives the relation between the Julian Day 


and the day of the month for 1970. 
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APPENDIX A 


é This appendix contains the navigation data arranged 
in two tables (Al, NNSS, A2, Loran C), each accompanied 


by a figure. 
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APPENDIX B 


This appendix contains sea and weather data recorded 


by ship's personnel on the bridge. 
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APPENDIX C 
‘ This appendix contains bathymetry as a function of 
3 time for an assumed sound speed of 1500 m/s. 
i 
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APPENDIX D 


This appendix contains the measured temperature 


profiles. 
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q APPENDIX E 


This appendix contains group salinity vs. depth and 
sound speed vs. depth profiles representative of the 


archival profiles in the neighborhood of the ship's track. 
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APPENDIX F 


This appendix contains the calculated sound speed 


profiles. 
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APPENDIX G 


. This appendix contains the shipboard data pertaining 


to the explosive sources. 
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APPENDIX H 


This appendix contains the operating parameters of 


the CW sources. Table Hl contains the assigned source 


frequencies. Table H2 lists the periods during which the 


sources did not provide acoustic outputs at their assigned 
frequencies. Table H3 gives Mark 6 depth vs. time as 
determined from a measurement of the hydrostatic pressure 


at the source. 
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APPENDIX I 


This appendix gives the relation between the Julian 


day and the day of the month for 1970. 


